Regeneration represents a unique biological phenomenon of re-initiation of developmental processes in animals in response to various kinds of traumatic injuries. The ability to regrow injured body parts is widely, but unevenly represented in the animal kingdom. Therefore, regenerative biology, as a field, has benefited from studies on animals, such as salamanders, echinoderms, planarians and coelenterates, that show amazing feats of regeneration not commonly found in classical animal models such as mice, Drosophila or *C. elegans*. Understanding gene regulatory mechanisms driving post-traumatic tissue re-growth in these regeneration-competent animals is important for two reasons. First, on a theoretical level, it contributes to our knowledge of fundamental principles of regeneration as a developmental phenomenon, its evolution and relationships with embryogenesis. A related, but more practical reason, is that the research on these model species can eventually inform biomedical studies seeking cures for diseases and disabilities.

Research in regenerative biology, as in developmental biology in general, has been mostly dominated by studies of protein-coding genes. This emphasis is completely justified given the fact that it is these genes that eventually determine the phenotype. However, there has been a shift in the paradigm in the recent years showing a growing appreciation of the developmental roles played by the genes, whose final products are not cellular proteins. Nowhere is this more evident than in the recent publications of the results of the ENCODE (The Encyclopedia of DNA Elements) project.[@R1]^,^[@R2]

Transposable elements occupy a significant portion of eukaryotic genomes and account for a large share of the output of sequencing projects.[@R3] Most biologists generally consider them as "junk" sequences or genomic parasites. However, recent research has shown that activity of at least some of the transposable elements can be beneficial to their hosts.[@R4]^-^[@R6] Of particular relevance to the field of developmental biology is the ability of transcriptionally active retrotransposons (the type of transposable elements producing RNA intermediates in their life cycle) to regulate expression of protein-coding genes of the host at both transcriptional and post-transcriptional levels.[@R4]^,^[@R5]^,^[@R7] Retroelements have recently been reported to perform important functions in embryogenesis by, for instance, affecting pluripotency and cell fate decisions.[@R7]^,^[@R8] In spite of the growing appreciation of the role of transposable elements in development, their involvement in animal regeneration has not been properly addressed until recently, when two papers[@R9]^,^[@R10] aimed to tackle this issue have appeared earlier this year. The papers report transcriptional activity of retroelements in regeneration in two different animal model systems, the regenerating limb of the salamander *Ambyostoma mexicanum* and the regenerating radial organ complex of the echinoderm *Holothuria glaberrima.* The two groups of authors, although both showing differential expression of retroelements in regeneration, arrive at different interpretations of their results. This discrepancy stresses the need for further research on the role of transposable elements in post-traumatic recovery.

The first paper by Zhu et al.[@R9] documents an effort to characterize transcriptomic profile at early stages of axolotl limb regeneration, which eventually led to discovery of drastic upregulation of the long interspersed nucleotide element-1 (LINE-1) in dedifferentiating tissues of the regenerate. Some preliminary evidence is also provided that other putative retrotransposons become transcriptionally active in the re-growing limb, but their expression profile may differ from that of LINE-1. The authors do not suggest any sort of function for LINE-1 or other elements in regeneration, but rather consider the transcriptional activity of retrotransposons as a non-specific consequence of general reduction of epigenetic silencing, which allows the dedifferentiating cells to partially return to the germline-like state.

In our paper,[@R10] we describe a serendipitous finding of differential transcriptional activity of another group of retrolelements, long-terminal repeat (LTR) retrotansposons, in radial organ complex regeneration in the sea cucumber *H. glaberrima* ([Fig. 1](#F1){ref-type="fig"}). Our interest in these animals is determined by the fact that echinoderms are among the best regenerating metazoan animals. As a basal phylum within the monophyletic group Deuterostomia, to which Chordata, our own phylum, also belongs, they stand out as attractive model organisms equally suitable both for evolutionary regenerative biology studies and for biomedicine-related research. We have been investing serious efforts in characterizing cellular processes and molecular events that underlie such an extraordinary regenerative potential in these animals (reviewed in refs. [@R11]--[@R13]). One of our ongoing projects involves large-scale characterization of the transcriptome in various regenerating tissues. Analysis of gene expression profile in the regenerating radial organ complex in *H. glaberrima* showed that the majority of the differentially expressed protein-coding genes were up- or downregulated between two and 4-fold relative to their expression levels in the uninjured animals (Mashanov et al., in preparation). LTR retroelements initially attracted our attention because two of them, which were eventually designated as *Gypsy-1_Hg* and *Gypsy-2_Hg,* stood out as dramatically upregulated genes (\~54-fold and \~26-fold, respectively). This prompted us to further explore the diversity of transcriptionally active retroelements and characterize their expression patterns in regeneration. Overall, we identified 36 LTR retrotransposons belonging to BEL and Gypsy clades, of which 20 (i.e., more than half) significantly changed their expression level in regeneration (11 were overexpressed, 8 showed downregulation and one element was initially upregulated in the early regenerate, but then showed significant downregulation at later stages). This suggested that differential expression of retroelements in regeneration could be a large-scale phenomenon. We then further focused on *Gypsy-1_Hg* expression at the tissue level and showed that it was abundantly expressed in both the radial glial cells and neurons of the regenerating central nervous system. Our original concern was that the increased transcriptional activity of the retroelement could eventually result in the death of the host cells due to, for example, deleterious impact on genomic integrity. However, multiple labeling experiments showed that the cells expressing *Gypsy-1_Hg* transcripts did not undergo cell death, but, instead, contributed to regeneration.

![**Figure 1.** (**A**) The model organism, *Holothuria glaberrima* Selenka, 1867 (Echinodermata: Holothuroidea). (**B**) Injury paradigm. One of the five radial organ complexes (including the radial nerve, coelomic canal and muscle) was cut at about the mid-body level. For clarity, the diagram shows only the nervous system. The injured radial nerve is shaded in red.](mge-2-244-g1){#F1}

Two crucial questions arise at this point: what causes the retroelements to change their expression levels in regenerating tissues, and what is the impact of this expression on the host organism? Unfortunately, we have not been able to provide definite answers due to the lack of the sequenced genome and the absence of established protocols for genetic manipulation for our model organism. Nevertheless, some preliminary insights can be derived from the available data. A traditional view would hold that transposons make use of the global injury-induced chromatin activation and transcriptional de-repression to amplify themselves and thereby increase their odds of surviving the lysis of their host cell to be taken up by other cells.[@R9]^,^[@R14] However, as our data suggest, this might not be the case. First, different LTR retroelements show different kinds of responses during regeneration: besides upregulated retrotransposons, there are also elements, which do not show any change in their expression, and still others, which are less transcriptionally active after the injury than under normal conditions. This suggests that expression of retrotransposons is controlled in an element-specific way. Second, although transposon-derived transcripts are abundantly expressed in the vicinity of the injury, this expression is not ubiquitous, since there are always cells, where retroelements are not transcriptionally active. Therefore, expression of retroelements might be specifically controlled at a single-cell level. Third, our unpublished data suggest that some LTR retrotransposons behave differently in different regenerating organs of the same species, suggesting tissue-specific regulation of transcription. For example, there are significant differences in transcriptional activity of *Gypsy-1_Hg* and *Gypsy-2_Hg* between the regenerating digestive tube and the regenerating radial organ complex in the sea cucumber *H. glaberrima* (compare [Fig. 2](#F2){ref-type="fig"} of the present manuscript with Fig. 3B in Mashanov et al.[@R10]). Fourth, the cells, which extensively express retrotransposon-derived transcripts, do not undergo cell death and contribute to regeneration. Taken together, our findings indicate that the LTR retroelements do not merely exploit the transcriptional machinery of the host to propagate themselves, but rather are specifically controlled by the host, respond in a coordinated way to regeneration cues and thus may play some previously unrecognized roles in post-traumatic tissue re-growth.

![**Figure 2.** Reverse transcription polymerase chain reaction (RT-PCR) showing temporal expression of *Gypsy-1_Hg* and *Gypsy-2_Hg* at different time points of visceral regeneration (Day 3−Day 28) and in the normal (Norm) digestive tube of the sea cucumber *H. glaberrima.* RT-PCR was performed as described in reference [@R15]. Primer sequences for *Gypsy-1_Hg* and *Gypsy-2_Hg* were from reference [@R10]. NADH dehydrogenase subunit 5 was used as an internal control. The gel also includes a no-template control ("-" control) to test for contamination. Whereas *Gypsy-1_Hg* is not transcriptionally active in the normal gut but overexpressed in regeneration (in particular, at the early time points), *Gypsy-2_Hg* does not show any significant differences in expression level between the normal and regenerating digestive tube. This contrasts with expression of these genes in the radial organ complex regeneration in the same species (Fig. 3B in Mashanov et al.[@R10]), where both retroelements are barely detectable under the normal conditions, but show dramatic upregulation during regeneration.](mge-2-244-g2){#F2}

Transcriptional activity of transposable elements is known to be able to affect expression of protein-coding genes in a variety of ways.[@R5] The specific role of LTR retrotransposons in regeneration remains obscure and can be a promising subject of further research. One of the most important future directions will be developing a mechanistic model of LTR retrotransposon functioning in regeneration. We believe that our data on differential transcriptional activity of these elements in sea cucumber regeneration will attract other investigators working on model systems, where genetic manipulation techniques have been already established. In fact, informal discussions with several fellow researchers suggest that retrotransposon expression during regenerative events is a common phenomenon. That it has not been more widely reported is possibly due to a biased view that these "selfish transcripts" merely contaminate data. (Some experimental analyses even use filters to eliminate the "transposon noise" from the rest of the sequence data before any downstream annotation and/or quantification of the transcripts is performed.)

Thus, future experiments should focus on understanding the nature of the factors that trigger or suppress transcription of the retroelements and show if and how retroelements are integrated in gene regulatory networks. Such studies on a range of different organisms will improve our understanding of both the evolution of regenerative mechanisms in metazoans and on the evolution of relationships between transposable elements and their hosts.
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